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Abstract

Cities face challenges due to climate change, including extreme weather events and increasing GHG emissions. In this
context, recycling emerges as an essential tool to promote urban resilience, reduce carbon emissions, and promote a
circular economy. Thus, the objective was to examine the role of recycling as an integral part of urban adaptation and
greenhouse gas (GHG) mitigation strategies. The methodology included consultations with articles and legislation on
the subject, as well as exploring examples of good practices from industries and effective policies that highlight the
benefits of integrating recycling into adaptation and mitigation initiatives in cities. The results demonstrate the
importance of effective recycling policies and practices to build climate-resilient cities and promote a transition to a
low-carbon economy.
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1. Introduction

After recurring environmental catastrophes, the emphasis on climate issues in world geopolitics has generated urgency
in reversing the growth of global greenhouse gas emissions and advancing actions that promote climate adaptation and
mitigation. This was the focus of the Conference of the Parties composing COP 27, which took place at the end of 2022
in Egypt, with several debates regarding the energy aspect and its relationship with reforestation and green hydrogen.

Climate change poses a threat to urban areas, exacerbating the risks of extreme weather events, flooding, and
resource scarcity. At the same time, cities are responsible for a substantial share of global greenhouse gas (GHG)
emissions, mainly from energy consumption and waste management.

Some Brazilian cities were partly constructed in a disorderly way, with the absence of territorial planning and within
the historical scenario of socioeconomic inequality, which promoted the conflict and urban segregation observed in the
country's capitals, and included a marked housing deficit, environmental degradation and informal access to urban land
(Rosin and Teixeira, 2013).

It is true to say that the socio-environmental vulnerability present in Brazilian urban areas is directly linked to climate
change that affects populations living precariously in areas of risk, such as landfill sites in Brazil (Dos Santos and
Pedroso Junior, 2021).

This agenda deserves to be explored, given its relevance for cities and its impact on the decarbonization of industrial
activity, which is one of the largest contributors to the emission of greenhouse gases. This is what the IPCC did;
looking at ecosystems, biodiversity, and human communities at the global and regional levels, with an emphasis on
vulnerabilities and the capacities and limits of the natural world and human societies in adapting to climate change
(Intergovernmental Panel ON climate change - IPCC, 2023).

In this sense, the management of urban solid waste generated by society has become a challenge and a generator of
socio-environmental vulnerabilities. In 2022 alone, more than 81.8 million tons were generated in Brazil. This
corresponds to 224 thousand tons per day, according to data from the latest Solid Waste Panorama, from the Brazilian
Association of Public Cleaning and Special Waste Companies (Abrelpe, 2022).
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Following the solid waste management agenda, it is recorded that almost half of Brazilian municipalities (49.9%)
dispose of their waste in dumps, with irregular and illegal deposits. In addition, 17.8 million Brazilians do not have
garbage collection from their homes, and only 3.85% of waste is recycled, according to data from the Urban Cleaning
Sustainability Index - ISLU, as prepared by the National Union of Urban Cleaning Companies - SELURB, in
partnership with the consultancy firm PwC Brazil (Selurb, 2020).

Due to the disorder in urban waste management, in addition to the housing deficit and unemployment, in Brazil, the
reality is that there are almost 2,970 dumps, where people are living and trying to make an income through the
collection and sale of urban waste, in an obvious situation of social and climate vulnerability (ABRELPE, 2022).

In this sense, the recycling of this waste promotes urban adaptation to climate risks, through the removal of these
people from their socioeconomic vulnerability and by ensuring their inclusion with adequate housing. The proposal,
discussed here, aims to integrate Recycling into models of (i) urban adaptation to climate risks and tragedies, as well as
(ii) greenhouse gas (GHG) mitigation.

In this context, recycling emerges as a key strategy to promote urban resilience and reduce the impact of climate
change. Therefore, the objective was to measure the relevance of recycling in the urban city context, as well as its
contribution to the processes of urban adaptation and mitigation of greenhouse gases, given social and climate
vulnerability (IPCC, 2023). The article includes experiences obtained in two case studies and with the mapping of
environmental and ecosystem services provided through recycling, which serve as a model for replication.

This article is structured with an Introduction where the problem and objective are presented initially. A Literature
Review follows, where aspects of recycling and its importance are addressed. Then the Results and a Discussion to
highlight the mitigation case studies and financing policies. Finally, the final considerations and references.

2. Literature Review
2.1 Recycling as an Ecosystem Impact Environmental Service and Its Contribution to Building Climate-Resilient Cities

Understanding Recycling as an environmental service that affects the ecosystem and has a real relevance for the
construction of Climate Resilient Cities is the first challenge in this article. In this sense, it is valid to conceptualize
environmental and ecosystem services and the permeability between them, to achieve an understanding of recycling
concepts.

Ecosystem services, as well as their valuation, have been a recurring need due to the scalability of climate tragedies
observed on the national scene, where anthropogenic actions are the main contributors, with social, economic, and
environmental consequences and relevance, weakening the entire ecological system (Gomes et al., 2018). Academics
have contributed to a growth in the number of publications with an emphasis on ecosystem services, but the
published works did not limit the continuity of the evolution of the concept, which remains without standardization
and fluctuates between points of ecological or economic origin, within their approaches.

To structure this article and demonstrate the relationship between ecosystem services and recycling, the
economic-ecological concept is taken as a basis. This concept takes into consideration the integration of sustainable
objectives, social justice, and economic efficiency, in addition to the traditional objective of economic efficiency
(Andrade and Romeiro, 2013).

For the same researchers, economic-ecological valuation is a way of assigning value to ecosystem services that have
been developed within the theoretical current called Ecological Economics, insofar as it seeks to take into account
the complex nature of ecosystems and the different values associated with them. This also includes the risks of
potentially catastrophic irreversible losses of ecosystem structures and functions, taking into account the ecological,
economic, and social sustainability of the maintenance and/or use of resources.

The Concept of Environmental Service is closely linked to the concept of Ecosystem Service, where the first concept
delivers positive actions for the preservation of water bodies, carbon fixation, and soil and air preservation, through
ducts that will guarantee this flow of ecosystem service.

The permeability of the concepts is such that certain authors treat them as synonyms, without losing the literary sense
(Picharillo and Ranieri, 2019), but the same authors make clear the differences in the concepts when they state that
Environmental Services are intrinsic to Ecosystem Services, however, Ecosystem Services do not depend on the
Environmental Service to exist. Environmental Services are generated through human actions, while the Ecosystem
Service stems from natural origins.

Given the permeability of the concepts, Recycling is part of the ecosystem function of the concept of
economic-ecological valuation, given the delivery of a service, that promotes social inclusion, job, and income
generation, as well as the preservation of natural resources (water, soil, and air), through the return of recyclable
inputs to the production chain, replacing natural inputs.
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Stimulating recycling and the practice of selective collection within the national territory is a concrete way to include
and identify the environmental service provided by collectors of recyclable materials, as well as a mechanism to
encourage payment for the environmental service provided to Brazilian Cities (Mello, 2019).

Payment for Environmental Services - PES, within the urban waste management of cities, is an economic tool that
can be used to encourage the work of individual persons who collect waste and, consequently, recycle. PES is a
demand of most individuals who collect waste in Brazil, who provide a relevant service to society by allowing
recyclable materials to return to the production cycle, instead of being landfilled (Castro et al., 2020).

The economic-ecological valuation portrays the need to have a truly transdisciplinary approach to deal with the
complexity of ecosystems and their contributions to human well-being, where it is necessary to unite efforts to face
the degradation of natural capital, which is the main reason for the environmental tragedies experienced by Brazil
(Andrade and Romeiro, 2013).

Recycling, as an environmental service with an ecosystem impact, has the quality of promoting transdisciplinary
delivery, since it promotes the relationship between the public and private spheres, always with the presence of
representatives of civil society, with the constant involvement of social, environmental, and economic factors.

In this sense, the governance of recycling within cities becomes more efficient when built by the same actors who
perform the task, which makes the relationship between them more symmetrical (Giglio et al., 2023).

Therefore, when recycling is present within cities, it can promote social economy and remove people from
vulnerable conditions (Valderrama et al., 2020).

The “stage” for the main actions and results promoted by recycling are Cities, where their challenges and
opportunities are observed (Table 1).

Table 1. Challenges and Opportunities of Recycling in Cities

RECYCLING CHALLENGES RECYCLING OPPORTUNITIES
Environmental —  Waste recycling (organic — The diversion of tons of recyclable waste
Services provided by  and inorganic); from being improperly sent to landfills and
recyclable waste _  Selective waste collection:  dumps, promoting the economy of natural
pickers " resources, the protection of water bodies, soil,

—  Reception and selection; and the atmospheric environment;

—  Screening;

—  Pressing, baling and — Socioeconomic inclusion of recyclable
storage; waste pickers, through the environmental

—  Processing; service provided in cities, especially when this
service is recognized and duly contracted by

—  Transportation; L .
municipal public managers.

—  Commercialization of
waste;

—  Solid waste management;
—  Environmental education.

Landfill Closure —  Adaptation and Climate — Closure of open-air dumps, which are areas
Mitigation. of socio-environmental vulnerability and
targets for climate tragedies, with the social
and economic inclusion of waste pickers
living in these areas,

De-carbonization —  Climate Mitigation — Factory de-carbonization process, through
the reduction of emissions of harmful gases to
the ozone layer, when using recycled inputs to
replace virgin raw material.

Source: Author (2023)
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Thus, Recycling is present in the urban context, with the delivery of environmental and ecosystem services to Cities,
which in turn contribute to the challenge of urban solid waste management. It is also concerned with landfill
reduction, the socioeconomic inclusion of the workforce of recyclable waste pickers, de-carbonization of the
industrial process, prevention of climate tragedies, and migration from the linear economy to a circular economy,
thereby giving Cities the capacity to be resilient in the face of climate impacts.

2.2 The Climate Relevance of Recycling

Given the findings about Recycling with an ecosystem impact environmental service of relevance to Cities, we
intend to discuss in this section the methodological perspectives of these services to face the climate crisis and the
resilience of Brazilian Cities

The contributions presented here are based on the general orientation that, if on the one hand, recycling is recognized
as a service to face the climate crisis, on the other hand, it is admitted that efforts must be made to refine and expand
the results of recycling functionality to deliver sustainability. Job and income generation, the economy of natural
resources, energy, and water, decarbonization of national industry, through waste recovery operations and processes,
diverting them from landfills and promoting the closure of landfills, with the proper social and productive inclusion
of people who live and work in them, in decent and operational recycling plants also constitute the suggestions to be
considered.

The vast scientific evidence about human interference in the natural processes of regulation of the climate system,
especially with GHG emissions from the burning of fossil fuels, as well as the impacts resulting from industrial
activity, is a warning of the urgency around climate change that society is immersed in (IPCC, 2023).

In Brazil alone, climate tragedies derived from global warming, increasingly frequent and intense, have been and are
being recorded. In 2023, three catastrophic events were recorded in different regions of Brazil (Table 2), as well as
forecasts of new climatic extremes in the north and northeast regions:

Table 2. Climate tragedies Brazil — Year 2023 — Data and Forecasts

Regions Type of Disaster Deaths Other Consequences Forecasts
North — Flash Floods 65
Coast of — Floods
S& Paulo .
— Landslides

— Burials from landslides

Rio Grande - Floods 50

do Sul — Flooding
— Burials from landslides

Amazonas  — Drought —  Covered Manaus in Smoke -
— Threats to navigation —  People isolated by the
_ Threat of access to damage to navigation by sea/river
drinking water —  Manaus (AM) and Rio
— Threatens aquatic life Branco (AC) declared a state of

emergency.
— Worsening of Lo

wildfires. —  Historical drought in the Rio

Negro River.

North and — Rainfall below the
Northeast climatological average
(historical average)

—  Temperatures above the
historical average throughout the
region in the coming months.

Sources: S& Paulo (2023); Rio Grande Do Sul (2023); Amazonas Climate Panel (2023); and National Institute of
Meteorology - INMET (2023).
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The connection between extreme weather events and social vulnerability in part of the Brazilian territory,
characterized by environmental and social inequalities, demands anticipatory governance and climate adaptation in
the context of Brazilian cities (Travassos et al., 2020).

Given the climate urgency that is now part of our world and strongly evidenced in our country, tools must be sought
that deliver urgent solutions to face the Climate Crisis. Recycling, as an ecosystem environmental service, presents a
wide variety of initiatives aimed at reducing risks and enhancing opportunities.

2.3 Recycling in Urban Adaptation Actions to Climate Risks and Tragedies

COP 27 (2022) was incisive in affirming the climate crisis in which the world is immersed, where we will no longer
be able to avoid climate tragedies resulting from global warming. COP 27, in addition to seeking to renew the
urgency of compliance with the Paris Agreement, an agreement that was promulgated in Brazil by Decree 9.073 of
June 5, 2017 (BRAZIL, 2017), had as its focal point an alert to the growing energy crisis in the world. The
conference demonstrated the record concentrations of greenhouse gases and the escalation of extreme weather events
that are causing tragedies around the world and affecting, in the majority, countries, cities, regions, and people in
situations of socio-environmental vulnerability, including Brazil.

Faced with the flagrant irreversibility of the effects of climate and environmental damage already part of our society,
COP 27 ended with an agreement to create a financing mechanism to compensate vulnerable nations for losses and
damages caused by climate disasters, showing that the processes of mitigating the environmental damage generated
to our planet are failing (UN NEWS, 2022).

The failure of global climate action is the main threat facing society during the next decade, where denying the
climate crisis due to droughts, fires, floods, resource scarcity, and species loss is no longer an option for the world
(LOPES, 2022).

Adaptation and climate justice must integrate public policy planning so that they do not simply become ineffective
concepts (TORRES et al., 2021).

The activity of solid waste recycling, in the Brazilian reality, is directly linked to social factors, through the labor of
recyclable waste pickers, who have been performing this environmental service in our country for years, when the
appeal of sustainability did not yet exist. In this sense, these professionals are carrying out their activities and living
in dump areas, areas that can be referred to as socio-environmentally vulnerable.

The social inclusion of this category through the valorization and payment for their environmental service (PES)
provided to municipalities and society and considering, the dignity of their type of work, as well as technology and
machinery now part of operational solid waste recycling plants, will be a "driving force" for the increase in the scale
of national recycling. This will result in the adaptation and mitigation of greenhouse gas emissions in the industrial
process (CASTRO et al., 2020).

2.4 Connection of Studies

From the evaluation of the studies highlighted by the authors, it is clear that recycling is an environmental service
with climate impact within the context of cities, in urban adaptation actions, and within the context of industry, with
climate mitigation actions, which is why this article seeks to evaluate possible gaps and the need to produce new
studies that seek to evaluate whether the increase in solid waste recycling carried out in Brazil will have the capacity
to contribute to the reversal of the climate crisis situation in place, directly contributing to national reduction targets
emissions, as well as preventing several lives from being lost due to new climate and environmental disasters that
have been observed in our country.

3. Methodology
3.1 Research Flowchart

The Methodology followed a research flowchart (Figure 1), where the initial database was based on research by
observing climate change and global warming "in loco", and by participating in two conferences of the parties on
climate (COP 27) at the end of 2022, in Egypt and COP 28 at the end of 2023, in Dubai).
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Figure 1. Survey flowchart
Source: authors (2024)

Data collection also took place within the two working groups (Consumption/Midstream and Social Issues of the
Ministries), created by the Ministry of Foreign Affairs, focusing on the development of an international, legally
binding instrument.

3.2 Periodic Consultations

The study was characterized as qualitative research, with a fundamental focus on understanding the phenomenon and
its possible impact on the environment and cities. The method used was a literature review, so that the question of
interest, the database to be analyzed was answered.

To this end, a strategy was adopted to ascertain the relevance of recycling within urban spaces, seeking to answer the
following research questions: What are the challenges of recycling to contribute to the creation of climate-resilient
cities? How can climate finance effectively deliver the opportunities pointed out by recycling?

To answer these questions, searches and research were carried out in 2022, 2023, and in the first months of 2024, to
consider the articles published up to the moment of this research, in the scientific platform journals Capes and
SciELO, among other sources. There was a combination of keywords, inclusion criteria, and the exclusion of articles
to subsequently evaluate, synthesize, and interpret the data. The terms “recycling”: “environmental services”;
“ecosystem services”; “climate adaptation”; “climate mitigation” “greenhouse gases — GHG” and “climate financing”
were associated with the Boolean operators “AND” and “OR”. Legislation and regulations complemented the need

for investigation.

From the articles that make up the database, seven of the Capes journals and two of the SciELO journals were
included, totaling nine selected scientific articles (Figure 2).
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Figure 2. Screening of articles obtained from the journal research platforms Capes, and SciELO, among other
sources, until the year 2024

Source: authors (2024)

After the search, as a first step, the articles were sorted and recorded on a spreadsheet so that the analysis could be
guided. The information noted in this section included year of publication, author, journal, field of research, and
reasons for inclusion or exclusion of the article.

From the record of the most general information of the articles, the titles, abstracts, and keywords of all identified
articles were read and analyzed. This step aimed to ensure that articles met the inclusion criteria, that is, to discuss
the relationship between recycling and climate change.

As for the exclusion criteria, studies conducted outside Brazil, review articles, and articles that were not available in
full text in PDF format were not evaluated. After the screening, the next step included reading the articles in full,
allowing other articles to be excluded according to the criteria.

3.3 Case Studies

Two case studies of the national industry were analyzed and highlighted:
a) The scenario of recycling aluminum cans and the Case of the company "Ball";
b) The plastic recycling scenario and the Case of the company "Braskem"

In both cases, the recycling of these materials and the impact on the value chain of these companies are diagnosed, as
well as product life cycle analysis (LCA) and the risks and opportunities of these actions.

3.4 Financing

Closing the analysis, the financing of climate coping actions by recycling is addressed, where the guiding principles,
legislation, and resolutions that cover the subject are invoked, offering alternatives for public policies that can value
recycling as an environmental service in the ecosystem balance by integrating urban adaptation and mitigation of
greenhouse gas emissions.

Published by Sciedu Press 72 ISSN 1923-4007 E-ISSN 1923-4015



http://ijba.sciedupress.com International Journal of Business Administration \ol. 15, No. 2; 2024

4. Results and Discussion
4.1 Case Studies of Recycling in Greenhouse Gas (GHG) Mitigation Actions

Thinking about Recycling involves thinking about ongoing actions and initiatives in our society, with short-term and
medium-term impacts, which must and can be scaled. These impacts transcend decarbonization and promote social
and climate justice, by generating employment and income, social inclusion, human dignity, saving natural resources,
water, energy, and health promotion.

Certain segments of the industry chain have already measured the impacts of recycling on the decarbonization of
their processes. These include the recycling of cans and plastic, which will be addressed in this article, through the
traceability and highlighting of the impacts of recycling on the decarbonization process and climate resilience of the
aluminum and plastic can industries (Cases Ball and Braskem), discussed below.

The scenario of recycling aluminum cans and the Case of the company "'Ball**

The first case study to be highlighted is the recycling of aluminum cans, a segment that reached the 100% recycling
mark in Brazil in 2022, according to a calculation carried out by the Brazilian Aluminum Association - ABAL in
partnership with the Brazilian Association of Aluminum Can Manufacturers — Abralatas (ABAL, 2022).

The high recycling rate of cans in Brazil is a consequence of the economic value inherent to the material, as well as
studies and investments applied to its value chain. In this sense, the analysis carried out in the value chain of the
company Ball found that it generated 87% (or US$13.37 billion) of its revenue from the sale of products made from
recycled, recyclable, rechargeable, or reusable materials. These products include aluminum beverage cans (BALL,
2023).

Following the mapping of its value chain, the Ball Company identified the relevant risks and opportunities associated
with its emissions, as well as developing impact reduction plans to involve partners in the chain to assist with climate
mitigation actions. In 2021, the Ball Company included in its vision the goal of achieving a global recycling rate of
90% for cans, bottles, and beverage cups and an average of 85% of recycled content in its products (BALL, 2023).

The company, through its climate transition plan, sought to generate opportunities and engagement for stakeholders
in the sense of the need for environmental actions and their benefits for the value chain, implementing recycling
targets, combined with a reduction in GHG emissions by the primary aluminum industry and the reduction of its
absolute emissions by 55% (Figure 3).
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Figure 3. Summary of the Ball Company Climate Transition Plan
Source: Ball Corporation's - Climate Transition Plan (2023).
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The pursuit of reducing emissions in the aluminum value chain helped this segment of the industry to be certain of
the impacts of recycling on the decarbonization of its processes, as well as real impacts on the national climate
mitigation scenario.

The plastic recycling scenario and the Case of the company ""Braskem""

The second highlighted case study is that of plastic recycling, where it was measured through the description of the
Life Cycle Assessment (LCA) of Post-Consumer Recycled Resins (PCR) produced in Brazil as carried out by the
company Braskem, as well as the diagnosis of plastic recycling in Brazil and worldwide.

Unlike the reality of aluminum, plastic gives rise to serious apprehension at a global level due to its environmental
impact, either due to the fossil origin of its original raw material, or due to contamination resulting from its irregular
disposal. Plastic contamination is treated as a relevant threat to the environment, human health, and the economy,
where greenhouse gas emissions associated with plastic must be limited to 15% of total emissions allowed by 2050 if
humanity wants to keep global warming down to 1.5<C (UNITED NATIONS ENVIRONMENT PROGRAMME -
UNEP, 2023).

Seeking to change the serious situation in which it finds itself, Brazil is part of the Intergovernmental Negotiating
Committee to develop a legally binding international instrument on plastic pollution, including within the marine
environment. The purpose of the committee is the elaboration of a treaty to combat plastic pollution, including
essential obligations, control measures, voluntary and/or legally binding approaches, and means of implementation
(INTERNATIONAL SCIENTIFIC COUNCIL - ISC, 2023).

Despite the government effort, the industry has a share of responsibility in the search to reverse this situation.
Braskem, a leader in the plastic production market in Brazil, triggered its HCV process, based on its Materiality
Matrix, which analyzed the Risks of its business and alignment with the global trends of the UN 2030 Agenda and
the Paris Agreement. The Life Cycle Assessment (LCA) became part of Braskem's sustainability strategy and a tool
that allowed it to quantify its environmental impacts throughout the life cycle, guiding its actions and decisions
towards reducing the environmental impacts derived from its operation (BRASKEM, 2023)

Specifically on the impact of recycled polypropylene (PP) and polyethylene (PE) resins, Braskem analyzed 24
contexts of the production chain that, grouped according to the recycled content and origin of the raw materials,
reached four segments of recycled resins. The results were categorical in materializing that recycled resins contribute
to resilience to positive climate change, presenting a carbon footprint up to 48% lower than virgin products of fossil
origin. Given the positive results, the company aims to continue promoting recycling at the end of the plastic's useful
life, as well as the production and expansion of its portfolio of products with recycled content (BRASKEM, 2023).

The plastic industry has been making efforts to increase recycling numbers (Figures 4 and 5).

VOLUME DE RESIDUO CONSUMIDO NA RECICLAGEM

’ 1.325 mil 1.402 mil | 1.587 mil
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Figure 4. Monitoring of mechanical recycling rates of post-consumer plastics in Brazil
Source: PICPLAST, 2021

Published by Sciedu Press 74 ISSN 1923-4007 E-ISSN 1923-4015



http://ijba.sciedupress.com International Journal of Business Administration \ol. 15, No. 2; 2024

[ 2010 ] (n ) [ 2020 ) (] [ 2021 |
24,0% — \ 23,1% — 23,4%

|
|
““ 2% }0'4
"" 0% 1% ]

PERD/PE O Outron Tipe!

POR TIPO DE MATERIAL PLASUCO

o SN

IIW{

Figure 5. Monitoring of mechanical recycling rates of post-consumer plastics in Brazil
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Innovation with the creation of new products and the increase in the use of recyclable plastic input in the industry's
production chain will reduce the carbon footprint and increase the numbers of plastic recycling in Brazil and
worldwide.

4.2 Financing of Climate Action by Recycling

Brazil, through the National Policy on Climate Change, regulated by Law no. 12.187/2009 (BRAZIL, 2009),
provided for the elaboration of sectoral plans with the inclusion of specific actions, indicators, and targets for
reducing emissions and mechanisms for verifying their compliance.

To execute the sectoral plans in question, according to Decree No. 11.550, of June 5, 2023, the permanent
Interministerial Committee on Climate Change - CIM was established, to monitor the implementation of public
actions and policies under the scope of the federal Executive Branch related to the National Policy on Climate
Change — PNMC (CIM, 2023).

The Chairman of the Interministerial Committee on Climate Change — CIM, through CIM Resolution No. 1 of
September 14, 2023, provided for the update of the National Plan on Climate Change — Climate Plan, which included
the preparation of several Sectoral Plans, including the City Mitigation Plan (item I11) and the Waste Mitigation Plan
(item V) (Table 3).

Table 3. CIM Resolution No. 1 of September 14, 2023.
Art. 3 The Sectoral Mitigation Plans must contain at least:

| — sectoral context of mitigation;

I1 — sectoral mitigation objectives and priorities;

I11 — sectoral mitigation targets for 2030 and indicative targets for 2035;

IV — specific actions, programs, and measures to achieve the goals, including the respective goals,
indicators, costs, sources of financing, and other means of implementation;

V — proposals for revision of the sectoral normative framework aiming at alignment with the
objectives, priorities, and sectoral mitigation goals; and

— governance for the management, monitoring and evaluation of the sector plan, including
mechanisms for participation and transparency.

Sole Paragraph. At least the following Sectoral Mitigation Plans will be prepared:

I — Change in land use and forests;
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Il - Agriculture and Livestock

I11 — Cities, including urban mobility;

IV — Energy, including electricity and fuels;

V — Industry;
VI — Mining;
VIl — Waste; and

VIl — Transportation.

Source: Interministerial Committee on Climate Change — CIM, 2023.

Brazilian Cities have been the main victims of climate tragedies and, thus, Sectoral Plans should include ways to face
environmental threats where residents and critical infrastructure of cities are inserted (SOLECKI et al., 2021).

The Sendai Framework for Disaster Risk Reduction 2015-2030, adopted at the Third United Nations World
Conference in Sendai, Japan, established principles whose main responsibility is to prevent and reduce disaster risk,
including through cooperation (SOUTHERN AFRICA DEVELOPMENT COMMUNITY - SADC, 2015).

Table 4. Sendai Framework for Disaster Risk Reduction 2015-2030 Guiding Principles

e Shared responsibility between central government and national authorities, sectors, and stakeholders as appropriate
to national circumstances;

e Protection of people and property, promoting and protecting all human rights, including the right to development;
¢ Activation of the entire society;
e Full activation of all state institutions of an executive and legislative nature at the national and local levels;

e Empowerment of local authorities and communities through resources, incentives, and decision-making
responsibilities, as appropriate;

e Decision-making should be inclusive and risk-informed, using a multi-risk approach;

e Coherence in different sectors in disaster risk reduction and sustainable development policies, plans, practices, and
mechanisms;

e Accounting for local and specific characteristics of catastrophe risks in determining measures to reduce risks;

o Address the underlying risk factors in a cost-effective manner through investment, rather than relying primarily on
post-disaster response and recovery;

e “Build better” to prevent new disasters and reduce existing disaster risks;
e The quality of global partnership and international cooperation must be effective, meaningful and strong;

e Support from developed countries and partners to developing countries should be tailored according to the needs and
priorities that identify them.

Source: SADC (2025)

The Sendai Framework Guiding Principles act as a route for coordinated and shared actions between various spheres
of governments, authorities, sectors, and stakeholders in disaster risk prevention and reduction. It is noted that the
Sendai Framework is inspired by the concept of Social Capital, where Robert Putnam describes it as a set of social
aspects, such as relationship networks, norms, and trust that allows action and cooperation for mutual benefit
(PISTORE, 2013)

Based on the principles and concepts outlined, it is noted that climate responses within the dynamics of Brazilian
cities will only happen through the cooperation of several actors, in various instances of action and, concerning the
search for climate financing, due to the complexity of the actions to be carried out. These actors will not be limited to
the federal, state, and municipal financial spheres, but rather to international sources such as Green Climate Funds
that target their deliveries in large-scale climate adaptation and mitigation projects (SOLECKI et al., 2021).
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It is relevant that climate adaptation and mitigation projects, which have recycling as an executive tool within the
reality of Brazilian cities, are structured through a sectoral plan for cities and recycling, respecting items Il and VII,
of article 3, of CIM Resolution No. 1 of September 14, 2023. These items were subsequently part of the update of the
National Plan on Climate Change — Climate Plan (CIM, 2023).

As an example of a municipal impact climate-structuring project, there is the case of Mexico City which, in 2016,
launched a green obligation initiative at the municipal level worth one billion Mexican pesos to finance water supply,
sustainable transport, and energy efficient infrastructures (EUROPEAN PARLIAMENT, 2023).

The European Parliament is seeking to regulate the green bond market to support climate- or environment-related
projects and to finance or refinance investments, projects, expenditures, or assets that help address climate and
environmental issues. The Parliament also claims that the European and global green bond markets grew by an
average of 50% per year between 2015-2020 and believes that market regulation will boost the market for
high-quality green bonds to meet the targets set out in the Paris Agreement and the European Green Deal
(EUROPEAN PARLIAMENT, 2023).

As a synthesis of these actions, Figure 6 is presented. It is a systematization of procedures that culminate in
mitigation and climate adaptation actions.
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Figure 6. Operational procedures for climate mitigation and adaptation through recycling
Source: Author (2023)

The same movement must take place in Brazil, with the regulation of the Green Bond market and the concomitant
launch of a Green Bond Pro Cities and Recycling, ensuring regional deliveries of climate adaptation and mitigation,
in the form of Table 1 of this article, to meet Brazilian climate goals. The Regulation of Brazilian Green Bonds will
generate legal certainty for the implementation of investment financial relations, in large-scale climate adaptation
and mitigation projects, such as that in Mexico City, as well as opening a market for quality green bonds, according
to the market desired by the European Parliament.

5. Final Considerations

This article aimed to analyze the relevance of recycling in cities and its relationship with the climate context, in
proportion to the environmental ecosystem impact service delivered within the urban context, as well as the role
played in building climate-resilient cities and reducing carbon emissions.
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The climate mitigation actions promoted by recycling take place within the manufacturing context, through industrial
decarbonization, when it promotes the return of recycled inputs to the production chain, replacing natural inputs,
alleviating the overload of the planet, as well as saving water and energy used throughout the industrial flow. On the
other hand, the climate adaptation actions promoted by recycling are reflected in the urban dynamics of cities,
through the payment for environmental services, the implementation of selective collection, and the socioeconomic
inclusion of urban solid waste collectors, in dignified operations and recycling plants, enabling their maintenance and
moving them away from open dump areas. The data and the highlighting of information showed the benefits and
urban actions promoted by recycling, which translate into climate adaptation and mitigation actions.

The results indicate that recycling plays a crucial role in reducing carbon emissions in urban areas by decreasing the
need to produce new materials from virgin natural resources. In addition, recycling contributes to the sustainable
management of urban and industrial waste by minimizing the amount of waste sent to landfills and reducing soil and
water pollution.

Recycling was presented as an environmental service with ecosystemic repercussions that, in an integrated way,
promote adaptation to climate change and the reduction of socio-environmental vulnerabilities in the urban context,
increasing our country's recycling numbers, with job and income generation, social, urban, housing inclusion,
decarbonization of the industrial process, thereby collaborating with Brazil to achieve its climate goals.

It is concluded that the findings in this study are in line with academic concepts and principles, such as the Sendai
Framework Guiding Principles (SADC, 2015) and the Concept of Social Capital (PUTNAM, 1996). These
demonstrate how urban actions promoted by Climate Recycling materialized through the effort and cooperation of
various social actors, the construction of public standards, and organizational commitments of industry segments, in
favor of the climate dynamics of our country.

Therefore, further efforts are recommended to demonstrate the relevance of recycling in climate adaptation and
mitigation, to provide data for the control, refinement, and expansion of these processes, as a way of migrating from
the current (linear) consumption and disposal economy to an inclusive and resilient (circular) economy. Thinking
about recycling is to think also about sustainability, governance, and job and income generation, saving of natural
resources, energy, and water. This can happen through operations and processes that can deliver waste recovery,
diverting them from landfills and promoting the closure of open dumps, with the proper social and productive
inclusion of people who live and work in them, in decent and operational recycling plants.

In addition, integrating recycling into urban adaptation and GHG mitigation strategies presents several challenges
and opportunities, and is essential for building climate-resilient and long-term sustainable cities. Effective selective
collection policies, payments for environmental services, incentives and encouragement for industries that run and
encourage recycling, and climate finance are essential to promote recycling and create more sustainable cities.

Finally, by adopting policies and practices that promote recycling, cities can reduce their carbon emissions, minimize
the environmental impact of waste, and promote the well-being of urban communities. Investing in recycling not
only benefits the environment but also boosts economic and social development, creating more inclusive and
sustainable cities for all, where climate finance will effectively deliver the opportunities identified in this article.
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